The defensins knowledgebase is a manually curated database and information source focused on the defensin family of antimicrobial peptides. The current version of the database holds a comprehensive collection of over 350 defensin records each containing sequence, structure and activity information. A web-based interface provides access to the information and allows for text-based searching on the data fields. In addition, the website presents information on patents, grants, research laboratories and scientists, clinical studies and commercial entities pertaining to defensins. With the rapidly increasing interest in defensins, we hope that the knowledgebase will prove to be a valuable resource in the field of antimicrobial peptide research. The defensins knowledgebase is available at http://defensins.bii.astar.edu.sg/.
INTRODUCTION AND MOTIVATION
Antimicrobial peptides (AMPs) are important components of the immune system of a wide range of organisms, presenting the first line of defence against a variety of pathogens. The AMPs are typically small (10 kDa), cationic and amphiphilic molecules, with low to potent activities against a variety of microbes-gram-positive and gram-negative bacteria, fungi and viruses (1) . Alternatively termed as host-defense peptides, the functions of these peptides extend beyond antimicrobial function to a range of roles in innate and adaptive immunity, including immuno-modulation, chemotaxis, inflammatory response and wound repair (2) .
There have been attempts to catalog known and newlydiscovered AMPs, most notably in the form of three October 4, 2006) . These databases capture different levels of basic information on the constituent AMPs and reflect a burgeoning interest in the area.
One of the largest and most-studied families of AMPs is that of the defensins, represented across mammals, birds, invertebrates and plants (5) . More than 300 defensins have been identified so far, including some recently discovered in black-cup fungus (6) . The human defensins are potent against specific microbes, but also show a synergistic increase in antimicrobial range in combination. In addition, some human defensins have demonstrated roles in chemotaxis and in bridging the innate and adaptive immune responses (7) .
Defensins are essentially ancient natural antibiotics with potent activity extending from lower organisms to humans; their mode of action makes them less likely to provoke microbial resistance in comparison to conventional antibiotics. Hence, knowledge of how these peptides work may provide us with insights to develop improved antibiotics.
Given the increasing research on defensins in diverse disciplines such as biochemistry, structural biology, microbiology, immunology, pathology and computational biology (8) (9) (10) , it is useful to establish a single, integrated knowledgebase on defensins. This manually curated knowledgebase will serve as a centralized repository of all information pertaining to defensins. As the search for improved antimicrobial compounds continues, we trust that this defensins knowledgebase can be a valuable resource to accelerate understanding, avoid duplication of research, increase interdisciplinary collaborations and evolve new ideas in the realms of defensins and AMPs.
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CONSTRUCTION AND FEATURES OF THE KNOWLEDGEBASE
Most of the data compiled in the knowledgebase was gathered from primary (bibliographic databases) and secondary (sequence databases) literature sources. The defensins knowledgebase comprises a MySQL relational database management system that contains information on amino acid sequences, structures and activities of this family of AMP. The layout of the database is shown in Figure 1 .
The basic information table contains elementary data such as aliases, family, expression sites and protein sequence for each characterized defensin peptide (including isoforms). This is linked to additional tables comprising information on sequence, structure and activity of the corresponding defensin. The current version of the database holds a comprehensive collection of over 350 individual defensin records, including 46 experimentally determined 3D structures from the Protein Data Bank (PDB) (12) ; structures can be viewed using either JMol [www.jmol.org] or the AstexViewerÔ (13) structure viewing tools, both of which are implemented in the knowledgebase. Additionally, we are building and incorporating into the database, homologybuilt models of defensins whose 3-dimensional structures remain unresolved.
The data stored in the database can be accessed through a web-based interface which allows for text-based searching on the data fields and filtering of results by organism, family, antimicrobial target and other attributes. Each individual record contains detailed information on the sequence, structure and activity of the peptide (e.g. a limited screen capture is shown in Figure 2 ). Since the database is intended to supplement existing biological databases, all records are cross-linked to their corresponding entries, where available, on these databases.
Other features of the knowledgebase include a glossary that defines jargon terms and two integrated analysis tools for alignment of sequences. A Basic Local Alignment Search Tool (BLAST) (14) has been incorporated to allow users to query any sequence against the defensin sequences stored in the database. Both blastp and blastx versions are included, to support protein and nucleotide sequence queries respectively. Multiple sequence alignment of user-selected defensin sequences from the database can be carried out using the built-in ClustalW (15) tool. Users can select or limit sequences by family or organism. The resulting alignment can be displayed graphically using the embedded JalView tool (16) .
The knowledgebase also captures information on defensinrelated publications, coupled with a browse-and-search system that allows searching and filtering of records by keywords, journal name, year and type of publication. Additionally, the website features four sub-sections of tabulated information: (i) laboratories and group leaders in the field of defensin research (ii) awarded grants (iii) patents and (iv) commercial entities, all related to defensins. These pages will be updated on a regular basis, as well as ad hoc based on communications within the defensin research community. Additional static pages are devoted to reviews on defensins, culled by manual curation of the literature, and these sections will evolve and expand, in conjunction with research developments and the expansion of research cross-talk and collaborations arising from use of the knowledgebase.
The knowledgebase will be continually updated with data harvested from bibliographic, gene and protein databases. In addition, we plan to include mini-reviews on topics such as mechanism of action, membrane interaction and emerging roles of defensins will be added in the near future. Given the mounting interest in defensins, we anticipate that the knowledgebase will prove to be a useful resource in the field of AMP research. Researchers in the field are invited to use this knowledgebase, suggest improvements, and submit their defensin-related sequences, 3D models and data for inclusion by contacting the authors. The defensins knowledgebase is available at http://defensins.bii.a-star.edu.sg/.
